INTRODUCTION
Vernal keratoconjunctivitis (VKC) is a common form of ocular allergy that affects mainly children and teenagers. The diagnosis is based on clinical signs and symptoms including ocular itching, photophobia, mucous discharge, giant papillary reaction in the upper tarsal conjunctiva or limbus, superficial keratitis, and shield ulcers (1) . Clinical features can vary from mild to extremely severe, occasionally resulting in significant ocular morbidity. Severe cases of VKC may be chronic and symptomatic, requiring aggressive therapy with corticosteroids. Steroids may predispose patients to infection, increased intraocular pressure, cataract formation, and even blindness (2) . Great effort has been expended to determine the role of cutaneous hypersensitivity tests against inhalant allergens as a complementary tool Keywords: Hypersensitivity; Conjunctivitis, allergic; Conjunctiva/immunology; Skin tests Purpose: The purpose of this study was to analyze the cutaneous sensitivity to a variety of allergens in patients with vernal keratoconjunctivitis (VKC) and to demonstrate the relation between skin response and clinical aspects of the disease. Methods: Twenty patients with vernal keratoconjunctivitis were randomly chosen from the External Disease and Cornea Sector. They were clinically evaluated, and a score ranging from 0 to 20 was applied based on signs and symptoms on ophthalmic examination. All subjects underwent a skin prick test against standardized allergens, such as house dust mites D. pteronyssinus, D. farinae, and Blomia tropicalis, as well as allergens from cat, dog, fungi and feather. Results: Seventy-five per cent of patients were positive for at least one of the allergens tested. House dust mites were responsible for the majority of the cases (75%). There was a poor correlation between the clinical score and sensitivity to allergens (r= -0.119 for fungi; r= -0.174 for dog; r= -0.243 for house dust mites; r= -0.090 for feather). A significant correlation was found only for cat allergen extract (r = -0.510; p=0.024). Conclusion: Our study demonstrated poor correlation between cutaneous hypersensitivity tests and clinical findings in patients with vernal keratoconjuntivitis. We concluded that skin response to inhalant allergens is not a useful test to identify clinical severity and chronicity of inflammatory process in this disease.
to identify the etiology of ocular allergy, as well as to establish a clinical-laboratory correlation that will predict which patients are predisposed to develop chronic inflammation (3) (4) (5) . The role of immunologic investigation has been questioned in patients with VKC. It was reported that a high percentage of patients with ocular allergies showed negative or insignificant cutaneous hypersensitivity test results and serologic levels of total and specific IgE (6) . Other studies demonstrated variable degrees of correlation between those parameters (7) (8) (9) (10) . The objective of the present study was to evaluate patients with VKC in the External Diseases and Cornea Service, Department of Ophthalmology, Universidade Federal de São Paulo (UNIFESP/EPM). We analyzed their cutaneous hypersensitivity to inhalant allergens and correlated the testing results with severity of ocular inflammation.
METHODS
Twenty patients with VKC, regularly seen in the External Diseases and Cornea Service, Department of Ophthalmology, Universidade Federal de São Paulo (UNIFESP/EPM) were randomly invited to volunteer in this prospective study. Informed consent was obtained for all participants from their legally authorized representatives. The study was reviewed and approved by the Research Ethics Committee of the Universidade Federal de São Paulo. Subjects were asked about their symptoms with special attention to age at onset of symptoms, seasonal exacerbation, and personal and family history of allergic diseases, especially atopic disorders such as rhinitis, asthma, food allergies, and allergies caused by medication. All patients were clinically evaluated and received a score based on severity of their ocular inflammation. Primary signs and symptoms of VKC were considered: eyelid edema, conjunctival hyperemia, tearing, photophobia, giant papillary reaction, Trantas' nodules, pannus, punctate epithelial keratitis, and shield ulcers. The score for each of these criteria varied from 0 to 2.5, with a maximum total score of 20. Ophthalmologic evaluations were performed by the same ophthalmologist (LAO).
Cutaneous hypersensitivity tests were performed using the puncture technique (11) with standardized allergens such as house dust mites D. pteronyssinus, D. farinae, and Blomia tropicalis as well as allergens from cat, dog, fungus and feather. These tests were performed and supervised by the Allergy, Immunology and Rheumatology Sector, Department of Pediatrics, Universidade Federal de São Paulo (UNI-FESP/EPM). We used histamine solution (1 mg/ml) as a positive control, and the vehicle of the same solution as negative control. As exclusion criteria, we considered all situations that might interfere with cutaneous hypersensitivity, such as the use of anti-histamines, tricyclic anti-depressants, and systemic corticosteroids.
Drops of the allergenic extracts and controls were applied to the volar surface of the forearm at 5 cm intervals. They were then transfixed with special needles to cause mild skin scarification. The reading and measurement of a hardening papule was performed 15 minutes later. The largest diameter and its orthogonal measurement, passing through its centermost point were measured. The presence of at least one positive test, a papule diameter of ≥3 mm, characterized the patient as allergic. To evaluate the intensity, we multiplied both diameters, and considered the number of positive tests of each patient. For statistical analysis, we applied the Mann-Whitney test, Spearman's correlation coefficient, and chi-square test. P≤0.05 was considered significant.
RESULTS
Twenty patients volunteered for this study. The mean age of our patients was 11.3 years, varying from 4 to 19. The ratio of males to females was 3:1. The age at onset of symptoms varied from 2 to 14 years (mean= 5.5). Seventeen out of 20 (85%) subjects reported worsening of the symptoms during the warmest months (Summer in São Paulo -Brazil; December to February), 2/20 (10%) reported chronic inflammation (itching and red eye) all year, and 1 (5%) during the coldest months (Winter; June to August). Ten of twenty (50%) reported a family history of allergic disease. Fifteen of twenty (75%) reported other personal associated atopic diseases, and 10/20 (50%) reported both conditions (Table 1) .
All subjects reacted positively to histamine solution, and none had any reaction to the negative control. Fifteen patients (75%) demonstrated hypersensitivity to at least one of the allergens: 15/15 were sensitive to house dust mites, 9/15 to allergens derived from cat, 6/15 to allergens derived from dog, 2/15 to allergens derived from fungus, and 1/15 to allergens derived from feather (Table 2) . Based on the number of positive tests in each patient, we observed: 1/15 was positive to four (4) allergens, 4/15 were positive to three (3), 7/15 were positive to two (2), and 3/15 were positive to only one allergen (Table 2) . Clinical evaluation demonstrated that severity varied from 1 to 14 (mean 6.95) ( Table 3) . The most common clinical features were conjunctival hyperemia, papillary reaction in the upper tarsal conjunctiva, pannus, and punctate epithelial keratitis. The mean severity score for both positive and negative cutaneous hypersensitivity patients did not show statistical significance (6.9, 7.1 respectively, p=0.80; Mann-Whitney test). Analyzing the relation between the area of the papule induced by puncture of allergens and severity of VKC (Spearman's correlation coefficient) we obtained: rs= -0,243 (p=0,302) for house dust mites, rs= -0,510 (p=0,024) for cat's allergens, rs= -0,174 (p=0,462) for dog's allergens, rs= -0,119 (p=0,615) for fungus, and rs= -0,090 (p=0,462) for feather. There were no significant changes in this correlation when we excluded patients with negative cutaneous hypersensitivity. Moreover, the relation between the number of positive tests and the clinical severity score was not significant (rs= -0.206; p=0.384).
DISCUSSION
The demographic and epidemiological characteristics of patients in the present study are very similar to those reported in other studies on VKC (2, 12) .
It is generally believed that 15-20% of the world population is atopic (13) . Atopic profiles are well documented for both personal cases and family histories of allergic diseases. In this study, we verified that 50% of subjects reported a family history of atopy, and 75% referred other atopic associated diseases. Allergic rhinitis (70%) and asthma (35%) were the most predominant.
Immediate cutaneous hypersensitivity testing has been an important tool in identifying allergens that can cause allergic diseases (14) . However, distinct conditions, such as dermographism (15) , anti-histamines and tricyclic anti-depressant administration can interfere in the results. These problems can be obviated by applying tests with positive and negative controls. None of our patients tested negative to histamine or positive to the vehicle of the solution. Seventyfive percent of patients showed susceptibility to inhalant allergens. The same susceptibility to this kind of allergens was described in patients with asthma or rhinitis in our environment (13, 16) . Some authors found 15% sensitization in a non-allergic children population against the same inhalant allergens used in this study (16) . VKC is mediated primarily by IgE, with active participation of inflammatory cells in the conjunctiva. Activated eosinophils, soluble mediators, and the expression of adhesion molecules have been recognized as being involved in the ocular surface inflammation and responsible for tissue damage in corneal epithelium (17) (18) (19) (20) . The etiologic evaluation of VKC has demonstrated new findings and new questions about its pathophysiology. Leonardi et al. demonstrated a poor correlation between systemic sensitivity tests (IgE) and ocular sensitivity (IgE from the tear -+  02  ----+  03  ----+  04  -+  --+  05  -----06  --+  -+  07  +  +  --+  08  --+  -+  09  +  +  +  -+  10  -+  +  -+  11  ---+  +  12  -----13  -----14  ----+  15  -----16  -+  +  -+  17  -+  --+  18  -----19  -+  --+  20  -+  --+ film), when they observed that 35% of their patients with VKC presented specific IgE only in tear samples. It suggests that the conjunctiva may be the only target tissue in some patients with allergic disease (6) . Some studies demonstrated that 50% of VKC patients showed negative cutaneous hypersensitivity testing as well as serologic IgE levels. They suggested that an aberration on Th2 lymphocyte line might be evolved in the pathogenesis of VKC (17) . This is reinforced by the finding of T cell clones, mainly Th2, in conjunctival tissue biopsies from patients with VKC. So far, by the description of increased in situ hybridization in areas where TCD4+ lymphocytes responsible for the signal to IL-5 were predominant, and associated with high levels of IL-5, instead of IL-2 in the tears from specimens biopsed from VKC patients (21) (22) (23) (24) (25) . In the present study, we observed that 75% of patients were sensitive to at least one inhalant allergen. However, when we compare the clinical severity score of patients with positive and negative hypersensitivity tests, there was no significance. When we analyze the number of allergens to which the patients were sensitive and compared to intensity of cutaneous reaction (papule), there was also no significant correlation. Surprisingly, there was a negative and significant correlation with the allergens derived from cat, suggesting that some cat allergens could be protective: that is, the larger the papule area, the lower the clinical score. However, the present study is based on a small population, and this might not prove true in a larger cohort.
Given the poor correlation between clinical features and immediate cutaneous hypersensitivity, we believe that tests against the inhalant allergens used in this study were not helpful to identify patients with VKC who developed severe and chronic ocular inflammation. Moreover, we do not believe that these cutaneous tests proved to be of benefit in determining therapy against specific allergens, since the ocular inflammation does not correlate with the skin reaction. Perhaps the unique benefit of these tests is to identify the allergens to which the patient is sensitive. Based on that testing, we may be able to advise patients which allergens to avoid. However, testing is not predictive of either intensity or severity of ocular inflammation once the patient is exposed to that specific antigen.
This poor correlation also reinforces the idea that other mechanisms are involved in the pathophysiology of VKC. As mentioned above, the conjunctiva can be an isolated and independent source of inflammation in patients with allergic diseases. It is a disease with a multifactorial pathogenesis, mediated by Th2 lymphocytes, eosinophils, mast cells, and a complex array of cytokines and chemical mediators.
Additional studies with larger numbers and using control subjects without VKC may be helpful to determine the estimated risk relative to severity of cutaneous hypersensitivity.
CONCLUSION
This study demonstrated poor correlation between immediate cutaneous hypersensitivity testing and the clinical features in patients with vernal keratoconjunctivitis. It demonstrated that cutaneous testing to inhalant allergens was not beneficial in predicting the potential for developing severe and/or chronic ocular surface inflammation.
